Feline calicivirus (FCV) and feline herpesvirus type 1 (FHV-1) are the two primary causes of upper respiratory tract disease in cats. The aim of this study was to demonstrate the distribution of FCV and FHV-1 among the feline population of several counties in Rio Grande do Sul State, Brazil. To this end, conjunctival and nasal swabs were collected from 302 cats from different locations, including households, breeding catteries, veterinary clinics, animal hospitals and experimental research facilities. The samples were collected between July 2006 to June 2009. The virus isolation was performed in CRFK cells and, subsequently, the identification was confirmed by PCR. FCV, FHV-1, or both were isolated from 55 cats from 28 different locations. FCV alone was isolated from 52.7% (29/55) of the animals that tested positively, FHV-1 alone was isolated from 38.2% (21/55) of the animals that tested positively, and coinfection were detected in 9.1% (5/55) of the animals that tested positively. Virus detection was more prevalent in cats that were less than 1 year old, among animals that shared a living space with other cats, and females. FCV and FHV-1 were isolated from vaccinated cats. In addition, both viruses were isolated from cats that showed no signs of disease. The results suggest that a carrier state is common for both viruses in the evaluated population. A search for other causes of respiratory disease in that population is necessary; and further studies relating to the molecular characterization of viruses and vaccine efficacy are also necessary.
INTRODUCTION
Infectious respiratory disease is a major clinical problem in feline medicine. Such infections are primarily caused by either one or both of two viruses: feline calicivirus (FCV) and feline herpesvirus type 1 (FHV-1) (11, 25) . These viruses have *Corresponding Author. Mailing address: Setor de Virologia, DMVP/CCR/UFSM, Av. Roraima, n° 1000, Santa Maria, Rio Grande do Sul, Brazil, 97105-900.; Tel/Fax.: 5555 3220-8034.; E-mail: rudi@smail.ufsm.br FHV-1 is the agent of feline viral rhinotracheitis (FVR) (11, 8) . It is a DNA virus that is a member of the Varicellovirus genus in the Alphaherpesvirinae subfamily (11) . Only one serotype of this virus exists, and like other alphaherpesvirus, FHV-1 induces latency in nervous ganglions (11) . Thus, clinically recovered cats are carriers that undergo periodic episodes of virus reactivation, particularly after stress (11) . In both experimental and natural infections, symptoms include the following: depression, sneezing, inappetence, pyrexia and serous ocular and nasal discharges (11) . Cats of any age, sex or breed are susceptible, but a severe syndrome is usually restricted to kittens of up to six months of age (23) . It is estimated that more than 90% of the cats are seropositive to FHV; and that a minimum of eighty percent remains latently infected with 45% shedding the virus by all life long (18) .
The nasal, oral and conjunctival vias are the natural routes of infection for FCV and FHV-1 (11, 25) . Transmission occurs mainly through direct contact between infected and susceptible cats; however, indirect transmission can also occur in the case of FCV, particularly within a cattery where secretions may contaminate cages, feeding and cleaning utensils or personnel (11, 25) . Reports from cats with URTD have revealed a prevalence ranging among 20-53% for FCV and 10-34% for FHV-1 (2, 12, 16) . In the general healthy cat population from several European countries, USA and Korea, the prevalence of FCV has varied from 15% to 31% (2, 16 ) whereas values ranging from less than 1% to 63% have been estimated for the prevalence of FHV-1 (2, 13, 15).
These viruses are still prevalent in the feline population despite the fact that vaccination against FCV and FHV-1 has been practiced since the 1970s (2, 29) . Vaccinations may have reduced the overall severity of disease; however, in some vaccinated individuals, disease may still occur (11, 25, 29) .
Commercially available vaccines are generally safe and protect reasonably well against disease, although they do not prevent infection, the shedding of virus or even the development of the carrier state (9, 11, 20, 25) . Live attenuated and inactivated vaccines are available (11, 25) , and vaccine virus shedding after vaccination has been described experimentally only for a temperature sensitive FHV-1 vaccine (33) . In that case, vaccine virus has been shed for 25 days after vaccination (33) .
There is little available information about FCV and FHV-Feline calicivirus and feline herpesvirus 1 in Brazil. Vaccination is performed in Veterinary Clinics and Hospitals with live attenuated and inactivated vaccines however the percentage of the population that is actually vaccinated is unknown. The isolation of FCV has been described once in the southern part of the country (32), followed by an experimental study regarding the pathogenicity of the virus (22) . However, to our knowledge, there has not yet been a described isolation of FHV-1 in Brazil. Regardless, evidence of the presence of both viruses has been obtained from serologic surveys performed in populations of wild (6, 27) and domestic felines (14) . The aim of the present study was to generate insights into the epidemiology of FCV and FHV-1 in the southern part of Brazil. Thus, conjunctival, nasal, oral and oropharyngeal swabs were collected from 302 cats in several counties in Rio Grande do Sul State, and the resulting isolation and identification of FCV and FHV-1 are described.
MATERIALS AND METHODS

Source of samples
The samples consisted of conjunctival, nasal and, - (0) Table 2) .
The classification by gender revealed that the difference between the number of samples collected from male and female cats was only two, although the number of females that tested positively for virus isolation was more than two-fold higher the number of males that tested positively (Table 2) .
With regards to the origin of the cats, females were positive in 16 locations, males in 9 locations and both male and female in 3 locations (data not shown).
DISCUSSION
The epidemiological conditions of feline calicivirus (FCV) and feline herpesvirus type 1 (FHV-1) are known among the feline population worldwide (11, 25) . Although it is generally assumed that these conditions are similar in Brazil, no major study regarding these viruses has been performed in that country, with the exception of several serological surveys (6, 14, 27) and an experimental study regarding pathogenicity (22) . The diseases of the respiratory tract of felines are an important and recurrent problem for veterinarians and cat owners globally, and FCV and FHV-1 have been described as one of the primary causes of these clinical manifestations (2, 8) . In this study, FCV, FHV-1 or both were isolated and identified from 55 cats with or without clinical signs from a total of 302 animals sampled in some cities of the Rio Grande do Sul State in the southern part of Brazil.
In the present article, FCV was isolated more often, in terms of the overall results, but its frequency was different when the groups were analyzed separately ( Table 2) . FCV was the primary virus isolated in most of the groups examined, although FHV-1 was the virus most frequently isolated from vaccinated cats and was also isolated slightly more frequently than FCV in cats exhibiting clinical signs of disease. A greater prevalence of FCV in comparison to FHV-1 has been reported in cats with clinical manifestations of disease as well for clinically healthy cats (2, 16), although it has been shown that FHV-1 isolation is generally related to the presence of clinical signs, whereas FCV is not (12) . Furthermore, FHV-1 is the virus most commonly identified when respiratory clinical manifestations are observed (7, 13, 16, 34) ; in the present study, signs of respiratory disease were present in 24 out of the 25 sick cats from which FCV, FHV-1 or both were isolated.
Conversely, FCV was present in samples from the three cats showing signs of oral lesions in this study (data not shown), which matches results from other studies that have associated oral ulcers more consistently with FCV infection (25, 26, 34) .
The higher prevalence of FCV in comparison to FHV-1 isolated in the United Kingdom has been attributed to vaccines that began to be applied in the 1970s (12) . This vaccination likely contributed to the reduction of the number of cats in the Feline calicivirus and feline herpesvirus population excreting FHV-1 but did not significantly affect the number of cats excreting FCV (12) . The biology of the viruses is one characteristic that could contribute to this finding; FCV is an RNA virus with wide genetic and antigenic diversity, whereas FHV-1 is a stable DNA virus (25) . In this article, the number of vaccinated cats excreting FHV-1 was higher than that excreting FCV (Table 2 ). However, it should be noted that there was a unique situation in this study that could cause such results. Most of the isolated FHV-1 came from breeding catteries where an outbreak of respiratory disease was occurring. Thus, many of the FHV-1-isolated cats came from the same location; furthermore, most of the vaccinated cats used in this study came from the same cattery.
In addition, FCV was the virus most frequently isolated from cats that did not show signs of disease ( Table 2) . As previously noted, FHV-1 is typically isolated when animals present clinic manifestations, whereas FCV is isolated when they do not (12) . Again, virus biology is the most probable explanation for these results because FCV carriers excrete the virus continuously, whereas FHV-1 carriers excrete the virus only when it is reactivated (11, 13, 25) . The percentages of isolation were roughly 60% for FCV and 27% for FHV-1 (Table 2) . A comparison with other data shows only that FCV is more commonly isolated than FHV-1 because the prevalence detected varied as much as 15 to 25% for FCV and 0.2 to 33.3% for FHV-1 in one study (12) to 25% for FCV and 0.6% for FHV-1 in another study (3) . However, no virus was isolated from approximately 64% of the samples coming from cats showing signs of respiratory disease (Table 1) . This finding could be attributed to problems with sampling and storage conditions or even cases in which cats were sampled late in the course of disease, as has been reported in other studies (2, 29) . Nonetheless, there are other causes for respiratory and ocular diseases in felines other than FCV and FHV-1, including agents such as fungi, bacteria and other viruses (10) . Chlamydophila felis is a bacteria routinely identified in cases of conjunctival disease in cats. Bordetella spp., which is associated with mild respiratory signs, is also commonly identified (2) . Thus, cases of disease in cats from which neither virus was isolated could have other etiologic causes.
The age of the individuals was taken in account and when the results were analyzed separately for each virus, it was observed that FCV was primarily isolated from adult cats, whereas FHV-1 was primarily isolated from younger animals (results shown in Table 2 ). A higher prevalence of FCV in adults has been already described (34) . An average age of 38 months for cats was demonstrated positive for FCV, and 29.9 months for FHV-1-positive cats (34) . The results for FHV-1 also match those of previous studies, which isolated FHV-1 from 16.9% of cats between one and three months old, 8.7% from cats between 4 and 11 months old, and less than half the percentage from cats above 11 months of age (2).
As previously noted, the female/male ratio was comparable, whereas the viral isolation frequency was twice as frequent in females as in males (Table 1 and Results). The large amount of positive samples obtained from females was not an expected result. In quite a few studies performed in cat populations from numerous locations, no gender difference was observed (11, 25) .
The castration status of the cats appears to play a larger role than the gender in the epidemiology because some researchers have shown a smaller number of positive spayed females and neutered males in comparison to non-castrated cats (2, 30) . The higher prevalence of the virus among noncastrated cats has been attributed to the behavior of these animals; the likelihood of exposure to virus of neutered/spayed animals may be reduced because social interactions are less likely to occur (30) . In the present study, it was not possible to compare the virus distribution among castrated cats because the data were not available.
The viruses were more often isolated from cats that shared a habitat (Table 1) . Such results are similar to those demonstrated in surveys performed in European countries (2, Feline calicivirus and feline herpesvirus 13). The high prevalence of these viruses in cats that share a living space is generally attributed to the method of transmission, which requires close contact between infected and susceptible animals (11, 25) . Furthermore, another important characteristic of the Brazilian cat population is that most cats, even ones with owners, live outside. This means that cats are more exposed to infectious diseases that are transmitted by contact than the general population analyzed in surveys performed in the USA and European countries. 
